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Abstract. The island of Singapore is located between 1°09'N–1°29'N and 103°38'E–104°06'E at the confluence 
of the Malacca Straits and the South China Sea. To date, both the marine and freshwater zooplanktons of this 
area are poorly studied, and availability of taxonomic identification is scarce. Moreover, most of the studies were 
published between the 1950s to the beginning of the 1970s. The available data are mainly qualitative, with only 
a few studies on zooplankton biology and ecology. Here, the literature on zooplankton communities in Singapore 
waters is reviewed in order to provide a baseline for future zooplankton surveys, and to better understand the aquatic 
ecosystems of this area. Also included are recent data obtained from a one-year plankton monitoring in 2012 from 
two marine stations in Singapore. The temporal variation of the plankton groups was observed in the study to be 
similar to what was described in some works from the 1970s. The species richness increased in these more recent 
studies, probably due to changes in the sampling and preservation methods. Because of these changes, comparing 
between data-sets is challenging; however, similarities in species richness and seasonality between a recent study 
and previous data-sets were evident. Finally, it is argued that continuous marine plankton monitoring would be an 
asset for Singapore and the region.
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Geographic and climatic position of Singapore. The 
island of Singapore is located between 1°09'N–1°29'N and 
103°38'E–104°06'E at the convergence of the Malacca Straits 
and the South China Sea. It is separated from Malaysia in the 
north by the Johor Strait (1.8 km wide) and from Indonesia 
in the south by the Singapore Strait (16 km wide) (Fig. 1). 
The Johor Strait is divided into the West and East Johor 
Strait by the Singapore Causeway. The large Malaysian 
city of Johor Bahru is located on the northern shoreline of 
the East Johor Strait (Pang & Tkalich, 2003; Mulia et al., 
2013). Because of the geographical position, along important 
commercial routes connecting the Indian Ocean with the 
South China Sea, and the deep waters allowing the passage 
of large commercial vessels, Singapore has become one of 
the biggest and busiest ports in the world (Chou, 2006). 
The majority of Singapore’s freshwater reserves are within 
17 shallow, man-made reservoirs that are highly managed, 
in states ranging from eutrophic to hypertrophic (Low et 
al., 2010).
The climate of Singapore is typically equatorial, with high 
temperatures and large amounts of rainfall throughout the 
year. The general pattern of water temperature fluctuations 
is characterised by a minimum during December to January 
(~26°C) and a maximum during April to June (~32°C) 
(NASA, 2013). The climate is strongly influenced by the 
Southeast Asian Monsoon regime, which introduces seasonal 
variations. The seasons are divided in four periods: two 
main monsoon seasons, the North-East (NE) Monsoon 
from November to early March and the South-West (SW) 
Monsoon from June to September, and two inter-monsoon 
periods (late March to May and October to November). Heavy 
Figure 1: Map of Singapore showing the location of freshwater 
reservoirs and the sampled stations (DHI Singapore cartography 
department – GIS). WQ7 and WQ8 are the stations chosen in the 
frame of the MadeInPlankton project and OSL is the station from 
the study of Wickstead (1958). 
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rains and winds characterise both monsoon periods, but the 
SW Monsoon is usually drier than the NE Monsoon. During 
the NE Monsoon the general direction of the currents in the 
South China Sea is south-west. During the SW Monsoon, 
the currents bring water from the Java Sea and the Malacca 
Strait (Behera et al., 2013). The two inter-monsoon periods 
are characterised by intermittent rains and weak variable 
winds. The transitions between the monsoon seasons occur 
gradually, generally over a period of two months (Pang & 
Tkalich, 2003; National Environment Agency, 2009; Behera 
et al., 2013).
Identifying major knowledge gaps on zooplankton 
diversity and distribution in Singapore waters. Aquatic 
and terrestrial ecosystems are structured in complex food 
webs in which different groups of organisms interact. In the 
photic zone, phytoplankton cells are unicellular phototrophic 
organisms at the base of the planktonic trophic webs. Larger 
heterotrophic organisms—the micro- and mesozooplankton—
actively prey on phytoplankton. Microzooplankton mostly 
consists of unicellular protozoans, whereas mesozooplankton 
comprise metazoans. Within mesozooplankton, the dominant 
group are crustaceans belonging to the subclass Copepoda 
and represent around 80% of the total mesozooplanktonic 
biomass (Mauchline, 1998). These organisms prey on both 
primary producers and microzooplankton (Calbet & Saiz, 
2005; Saiz & Calbet, 2011). Additionally, they comprise the 
main food source for the planktonic stages of commercially 
important species, such as other crustaceans and fish. As 
elsewhere, the marine plankton distribution in Singapore 
waters is driven by the general oceanic patterns described 
above. To understand the aquatic ecosystems of Singapore 
it is essential to first determine the planktonic assemblages 
and to assess their functional diversity (how organisms 
interact with each other). Some studies on phytoplankton 
communities and their taxonomy in Singapore’s coastal 
waters exist (Tham, 1953; Chou & Chia, 1991; Gin et 
al., 2000, 2003), and these have recently been reviewed 
in a checklist of algae species (Pham et al., 2011). To 
date, however, zooplanktonic organisms have been poorly 
studied, and their taxonomic identifications are quite scarce. 
Most of the available literature investigating zooplankton 
around Singapore was published between the 1950s and the 
beginning of the 1970s (e.g., Tham, 1953; Wickstead, 1958; 
Tham, 1973; Thia-Eng, 1973); it is likely that these studies 
no longer reflect the present species diversity.
Due to its geographic position and to its climate, Singapore 
generally is very rich in species (Pham et al., 2011). It lies 
in a biodiversity hotspot, which is a conservation priority 
(Myers et al., 2000). According to estimations of Brook 
et al. (2003), based on both recorded and inferred data, 
Singapore may have lost more than one-half of its terrestrial 
and freshwater taxa (including more than 80% of freshwater 
decapods and fish) from 1819 until 2002. In addition, due 
to the oceanographic features characterising the waters of 
Singapore, anthropogenic and natural events occurring in 
more distant areas (i.e., Malacca Strait, South China Sea) 
could affect coastal ecosystems locally.
According to Yeo et al. (2011), many factors such as the 
construction of dams, the causeway linking Singapore to 
Johor Bahru (Malaysia), shoreline modifications, and species 
introductions may have affected native aquatic biodiversity. 
Moreover, the introduction of exogenous species by ballast 
water may have increased as a result of the growing activity 
in Singapore harbours. Without knowledge of the existing 
baseline biodiversity waters introductions of non-native 
species cannot be confirmed and recorded (Pham et al., 
2011). Therefore, in order to plan an efficient management 
of Singapore waters, a thorough knowledge of plankton 
diversity and ecosystem functioning is needed. In this paper, 
a review of the existing data on zooplankton communities 
in Singaporean waters is used to provide a baseline for 
future zooplankton surveys. Due to the scarcity of data on 
zooplankton from fresh waters, this review mainly focuses 
on marine waters.
MATERIAL AND METHODS
Literature review. Data were obtained from a literature 
search on zooplankton studies in the area of Singapore, 
including freshwater and marine studies. Initially, the words 
“zooplankton” and “Singapore” were searched in the Aquatic 
Sciences and Fisheries, Abstract electronic database, then 
other electronic databases such as WoS, Google Scholar 
or JSTOR. After, the search was extended to the older 
references cited in the selected papers (many of these are 
not incorporated into the electronic databases). Several of 
the studies on freshwater and marine zooplankton included 
also Malaysian records, but did not differentiate the origin 
of data; therefore, those data were presented as well.
New data on zooplankton diversity. Besides the above-
mentioned literature analysis, we also present new data 
obtained at two stations on the west coast of Singapore (Fig. 1; 
WQ7 – west part; 01°17.949'N, 103°42.383'E and WQ8 – east 
part; 01°17.694'N, 103°43.340'E). The sampling was carried 
out every two weeks over the course of one year, from May 
2012 to May 2013. Vertical plankton hauls were conducted 
with a 100 µm mesh net to collect mesozooplankton. In the 
laboratory, the samples were fixed with 4% formaldehyde 
and then divided into two subsamples; one was saved for 
future processing, and the other was used for the taxonomic 
analysis of the mesozooplankton community. Around 1000 
individuals were counted per sample (Omori & Ikeda, 1984) 
and identified, when possible, to species level following 
Chen & Zhang (1965), Chen et al. (1974), Nishida (1985) 
and Harris et al. (2000).
RESULTS AND DISCUSSION
Historical zooplankton seasonality in Singapore waters. 
Investigations on copepods in the Straits of Malacca 
started in the early 1900s with the works of Clave (1901) 
and Sewell (1933). The first complete available study of 
zooplanktonic organisms from Singaporean seawaters is 
dated from 1953 (Tham, 1953; see Table 1). Tham (1953) 
established a “plankton calendar” for the Singapore Straits, 
by monitoring weather, seawater conditions, and absence 
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or presence of the different plankton groups (Table 1). He 
found that copepods were present or “very common” during 
the whole year. Loricate ciliates, tintinnids, were observed 
only during January, June, November, and December. The 
dinoflagellates Ceratium sp. and Noctiluca sp. were very 
common in February. The organisms classified as larger 
zooplankton, such as decapod larvae, siphonophores and 
chaetognaths were also described during the entire year 
studied by the author.
Wickstead (1958) published a study on the larger zooplankton 
of Singapore waters (Table 1). One station located at the Outer 
Shoal Light Buoy (1°15ʹN; 103°52ʹE; see Fig. 1) was sampled 
during one year for plankton enumeration. Climatic aspects, 
water temperature and salinity were also described. In the 
protozoa group, foraminifera and cystoflagellata (currently 
referred to as dinoflagellates) were found. Due to the sampling 
method, a “25 mesh per inch net” (i.e., 700 µm pore-size 
mesh), Tintinnidae were seldom found. Hydrozoa, Scyphozoa 
and Ctenophora were recorded in the group of Coelenterata. 
The polychaete annelids occurred occasionally throughout the 
year. The crustaceans were mainly represented by copepods 
in the groups of Gymnoplea, Podoplea, Harpacticoida and 
more rarely monstrilloida. Cladocerans, ostracods, cirripedes, 
mysids, isopods, amphipods, euphausiids, decapods were 
much more uncommon (Wickstead, 1958). In this last 
work, the author showed a seasonal variation with almost 
all the planktonic groups being more abundant in the first 
half of the year and towards the end of the year, with the 
exception of copepods that only showed a peak of abundance 
in February/March. The author, however, points that due 
to the large pore size net used, copepods were likely to be 
underestimated. It is noteworthy that there are high numbers 
of Siphonophora found in the study, with this group being 
the most numerous during the second half of the year, as 
they likely preyed upon copepods.
Tham (1973) provided the general seasonal pattern of 
phyto- and zooplankton (Table 1). The author showed that 
zooplankton abundance was higher between March and 
November, and that the group was dominated by copepods, 
accounting for 40–70% of the total abundance. In his study, 
copepod peaked at April/May, July, and October/November. 
These findings partially contrast with those of Wickstead 
(1958), who described the highest biomass of copepods 
only at the beginning of the year (February/March). The 
little representation of copepods during the rest of the year 
found in Wickstead’s (1958) survey could be due either to 
particular conditions during the sampling year or to a high 
predatory control of blooming siphonophores during this 
period, or even to a mere underestimation of the group 
as the author admits in his work. The other groups found 
were appendicularians, cirripedes, molluscs, decapod larvae, 
siphonophores and chaetognaths.
In that same year, Thia-Eng (1973) published an ecological 
study of the Ponggol Estuary (Table 1; see Fig. 1 for location 
of the estuary), a short, narrow and shallow mesohaline to 
polyhaline estuary, now transformed in a freshwater reservoir. 
In this particular environment, which is not comparable to 
the literature discussed so far, dinoflagellates, copepods 
and molluscs, accounted for 80% of the total zooplankton 
biomass.
Over the last decade, only a few studies on zooplankton 
from Singapore waters have been published. Rezai et al. 
(2004) described the spatial and temporal distribution of 
117 copepod species belonging to 37 genera in the Strait of 
Malacca (Table 1). Among these species, 13 accounted for 
70% of the total copepod abundance. No consistent seasonal 
patterns of individual species were observed, but the authors 
found differences in abundance between the northern, the 
central, and the southern parts of the Strait. Nakajima et al. 
(2008) published a study on the zooplankton community of 
a coral reef, which was located at the Malaysia peninsula 
coast (Redang Island, North East Malaysia). The authors 
size-fractioned the organisms and found that the 100–200 
µm fraction was composed of 51.3% adult copepods and 
copepodites and the rest (47.1%) of copepod nauplii. In 
the following fraction (200–335 µm), adult copepods and 
copedites were also the more abundant (74.3%) of the total 
biomass but they also found other crustaceans, larvae and 
chaetognaths. They found that the larger organisms (>335 
µm) were more diverse. In addition to adult copepods and 
copepodites, they found chaetognaths, larvae, hydrozoans, 
ostracods and other crustaceans.
In the study conducted as part of this paper, the station situated 
in the west part of the channel was observed to vary in the 
total abundance of copepods (orders Calanoida, Harpacticoid, 
and Cyclopoida, including copepodid larva) throughout the 
year. Two peaks in abundance in November 2012 and in 
March 2013 were observed. These highest abundances found 
in March and November and are in accordance with the 
work of Tham (1973). However, it was not clearly observed 
whether these changes in abundances occurred in the east 
part of the channel. Indeed, the total abundance of copepods 
did not draw any temporal pattern. It was only observed 
that an increase of the order Calanoida (which accounted 
for most of the total abundance of copepods) occurred in 
December 2012.
Different zooplankton groups of freshwater bodies from 
Singapore and Malaysia have also been described (Table 2). 
The intensive sampling was carried out during 1966–1967, 
and gave rise to several publications in the early eighties. 
The samples were collected in all types of freshwater 
habitats available, like ponds, lakes, marshes, reservoirs, 
pools, rice fields, rivers and streams in West Malaysia (a 
total of 503 zooplankton samples) and Singapore (a total 
of 38 samples). Lai & Fernando (1978) focused only on 
calanoid copepods, and Fernando & Ponyi (1981) studied the 
free-living freshwater cyclopoid copepods of Malaysia and 
Singapore (Table 2). In spite of extensive sampling, Fernando 
& Ponyi (1981) found a low number of species, which could 
be the result of the high human impact on the aquatic fauna. 
Another work, which came out of this extensive sampling, 
was that of Fernando & Zankai (1981) on Rotifera (Table 2). 
They described 165 species belonging mainly to Ploimida 
and Gnesiotrocha. The authors argued that the low record 
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of Bdelloida was due to an issue in sampling methodology. 
Most of the species found in this study were only observed 
in some samples. They observed that the diversity was higher 
in ponds and rice fields than in open waters of reservoirs 
and streams. The last work is from Idris & Fernando (1981) 
on Cladocera (Table 2). They described 63 cladoceran 
species from which, 26 were recorded for the first time in 
that region and they provided their detailed morphological 
description. Similar to Idris & Fernando (1981), the highest 
diversity of cladocerans was found in ponds and rice fields. 
They found that the species composition was typical of 
tropical region; that Daphnia was extremely rare, and that 
families Polyphemidae, Leptodoridae, and Holopedidae were 
absent. More recently, Low et al. (2010) described trophic 
links between phytoplankton and zooplankton organisms in 
freshwater reservoirs from Singapore. They based their study 
on an historical data set over 15 years, between January 
1992 and December 2006, of a monthly sampling regime 
in 12 shallow reservoirs. They categorised zooplanktonic 
organisms in six groups. Four of them, calanoids, cyclopoids, 
cladocerans and rotifers, were present in more than 98% of the 
samples. However, two groups, harpacticoids and ostracods, 
were rare. Their study did not provide a species-level list for 
zooplankton, nor their geographical and seasonal distribution.
Species richness as descriptor of diversity. For a better 
understanding of planktonic historical trends, the use of 
quantitative diversity descriptors would have been ideal; 
unfortunately, most of the available data are only qualitative. 
However, a comparison of the species richness among can be 
undertaken for the different studies. For freshwater habitats, 
unfortunately, this is not possible because the disparity of 
target groups amongst studies; as, each study focused on 
one group. Regarding marine systems, even if the data are 
limited it is evident that Rezai et al. (2004) found more 
species than all the other studies (a total of 112 species 
versus 8–32 species for the rest of studies). Unfortunately, 
the work of Rezai et al. (2004) is limited to the description 
of copepods, and does not include other zooplankters. This 
exemplifies the lack of broad-based studies considering all 
zooplanktonic groups at high taxonomic resolution.
The present study included an extensive plankton 
investigation, conducted once every two weeks during one 
year (Table 1). We found differences in the species richness 
of some groups compared to that of previous works. For 
instance, the species richness for cnidarians and copepods 
was higher than that found in studies from the fifties, but 
it was lower than the one described by Rezai (Rezai et al., 
2004; Table 1). However, we are closer in total number of 
zooplankton species to the work of Rezai et al. (2004), as 
we found, a total of 91 species including species from all 
groups (Table 1). These discrepancies between the previous 
work and the present study may simply be result of the 
different geographic locations of the sampling sites. In the 
present study, the west coast of Singapore was studied (e.g., 
in the area of Jurong Island), while Rezai (Rezai et al., 
2004) studied the Straits of Malacca, which covers a wide 
geographic area, and Nakajima et al. (2008) undertook their 
survey in the north-east of Malaysia. Our sampling sites 
have a lower water circulation rate and are more affected 
by human activities, which should affect the planktonic 
community. Nevertheless, considering the particularities of 
the sampling stations, it is rather surprising that the total 
number of zooplanktonic species found in our study is 
similar, or even higher, to those found in previous reports.
Among the 57 species of copepods found, 32 belong to 
the order Calanoida, 12 to the order Cyclopoida, eight to 
the Poecilostomatoida, and five to the order Haparticoida. 
Some copepods from our study have been described only 
from this region. Acartia	 pacifica Steuer, 1915, Acartia 
sinijiensis Mori, 1940 and Bestiolina similis (Sewell, 1914) 
are found only in the Pacific. Other species have a more 
broad distribution, such as Acrocalanus gibber Giesbrecht, 
1888, and Acrocalanus gracilis Giesbrecht, 1888, which 
are found mainly in the Indian Ocean, but also in Pacific 
and Atlantic oceans. Some are cosmopolitan (found in all 
oceans except polar zones), like Calocalanus styliformis 
(Giesbrecht, 1888), and Clausocalanus furcatus (Brady, 
1883). In all cases, the calanoid copepods found in the 
present survey all have a tropical to temperate distribution. 
However, cyclopoid copepods such as Oithona similis Claus, 
1866, are cosmopolitan, including polar zones. Chaetognaths, 
also important components of the zooplankton in our study, 
have a species-dependent distribution: four of our species are 
found in all tropical to temperate oceans, e.g., Flaccisagitta 
enflata (Grassi, 1881), and five of our species are limited to 
the Indian and Pacific oceans, e.g., Sagitta bedoti (Beraneck, 
1895). Their temporal variation showed a similar trend to 
that of copepods at both stations; they were present the 
whole year in the study of Tham (1953).
Final remarks on the need of long term plankton-
monitoring programs. Data on zooplankton diversity and 
distribution in the area of Singapore (including combined 
works with Malaysia) have been mostly obtained at the 
beginning and the middle of the last century. It is only 
recently, at the beginning of the 2000s, that investigations 
in this field have restarted in Malaysia and only in 2013 in 
Singapore. This review was therefore necessary to update 
the information available to detect possible trends associated 
with climatic or anthropogenic events, and to inform an 
efficient water management plan for Singapore. However, 
because of the changes in sampling techniques and methods, 
the heterogeneity of sampling stations and groups studied, 
the comparisons are not obvious.
From a conservation biology point of view, it is important to 
compare the state of actual ecosystems to their description 
in the past. Without a proper description of biodiversity 
and its functioning over time, it is difficult to ensure 
appropriate ecosystem management. Many factors, such as 
the construction of dams, the causeway linking Singapore to 
Johor Bahru (Malaysia), shoreline modifications, and species 
introductions (e.g., from ballast water or aquaculture) may 
have affected native aquatic biodiversity. For instance, it has 
been shown that ballast waters are responsible for ca. 30% 
of bio-invasions, the risk of dispersal of exogenous species 
increasing yearly by approximately 3% (Gollasch, 2007; 
739






















































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































Schmoker et al.: Review of zooplankton in Singapore
UNCTAD, 2012). We thus argue that a continuous monitoring 
of plankton communities in Singapore would be a great asset 
for the region. These long-term monitoring programs exist in 
other areas of the world and allow for continuous information 
on ecosystem response to environmental changes, which is 
especially needed in zones heavily industrialised and very 
sensitive to climate change events, such as Singapore.
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